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METHOD FOR MANUFACTURING LCD AND 
TFT 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for 
manufacturing, for example, active matrix type liquid crystal 
display and thin-?lm transistors (hereinafter called “TFT”) 
to be used for these devices. 

FIG. 4 shoWs a cross-sectional draWing showing a process 
for manufacturing conventional TFT array substrates With 
TFT of the TFT type liquid crystal display in Which loW 
resistivity bus lines are provided. In the drawing, numeral 1 
denotes a transparent insulating substrate such as glass 
substrate, etc., 2 a gate electrode formed on the transparent 
insulating substrate 1, 3 a gate line formed on the transparent 
insulating substrate 1, 4 a gate insulating ?lm formed on the 
gate electrode 2 and the gate line 3, 8 a semiconductor layer 
formed on the gate electrode 2 via the gate insulating ?lm 4, 
9 an ohmic contact layer formed on the semiconductor layer 
8, 10 a pixel electrode, 11 a hole for connecting With a 
terminal, formed on the gate insulating ?lm 4 on the gate line 
3, 12 a source-drain electrode formed on the ohmic contact 
layer 9, 13 a channel, and 14 a passivation ?lm. 

Next description Will be made on the process for manu 
facturing the conventional TFT array substrate on Which 
TFTs are provided. As shoWn in FIG. 4(a), after forming a 
single-layer ?lm made of a loW resistivity metal such as Al 
or Al alloy, etc. on the surface of the transparent insulating 
substrate 1, patterning is carried out using a photoresist 
formed by photolithography process, and the gate electrode 
2 and gate line 3 are formed. Then, as shoWn in FIG. 4(b), 
silicon nitride is formed to be a ?lm by plasma enhanced 
CVD method and the gate insulating ?lm 4 is formed. Then, 
as shoWn in FIG. 4(c), after continuously forming amor 
phous silicon ?lm by plasma enhanced CVD method and 
n+type amorphous silicon ?lm Which is doped With 
impurities, using a photoresist formed by photolithography 
process, the amorphous silicon ?lm and n+type amorphous 
silicon ?lm are simultaneously patterned, and the semicon 
ductor layer 8 and ohmic contact layer 9 are formed at the 
position above the gate electrode. 

Then, as shoWn in FIG. 4(a) after ITO (indium tin oxide) 
?lm is formed as a transparent conductive ?lm, using a 
photoresist formed by photolithography process, the ITO 
?lm is patterned to form the pixel electrode 10. Then, as 
shoWn in FIG. 4(e), the gate insulating ?lm 4 on the gate line 
3 is removed by etching, and a hole 11 for providing the 
terminal is formed. Then, as shoWn in FIG. 4(1‘), after 
forming Cr, etc. to be a ?lm, using a photoresist formed by 
photolithography process, the ?lm is patterned and the 
source-drain electrode 12 and the source signal conductor 
are formed on the ohmic contact layer 9. This is folloWed by 
removal of the n+type amorphous silicon ?lm (ohmic con 
tact layer 9) of the portion not covered With the source drain 
electrode 12 by dry etching to form the channel 13, and then, 
the photoresist is removed. Lastly, as shoWn in FIG. 4(g), 
silicon nitride is formed to be a ?lm and passivation ?lm 14 
is formed. 
As described above, With the conventional TFT array 

substrate, the gate electrode 2 and gate line 3 are formed 
With the ?lm primarily comprising metals With loW 
resistivity, such as Al, etc. but because these metals provide 
poor chemical resistance, an etchant used for patterning the 
ITO ?lm composing the pixel electrode 10 penetrates 
through the portion lacking of ?lm in the gate insulating ?lm 
4 and corrodes the gate electrode 2 and the gate line 3, 
raising problems of loWering the yield and reliability of TFT. 
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2 
Hitherto, for a method to prevent corrosion of conductors 

composing the gate electrode 2 and gate line 3 caused by the 
etchant attacking the ITO ?lm, a method to perform an 
anodic oxidation of conductors of Al ?lm, etc. composing 
the gate electrode 2 and gate line 3 to form oxide ?lm on 
their surfaces has been proposed. 

For example, in Japanese Unexamined Patent Publication 
No. 183897/ 1992, there is proposed a method for forming an 
anodic oxidation ?lm 18 on the gate electrode 2 and gate line 
3 other than the areas coated With photoresist 17 by forming 
the gate electrode 2 and gate line 3 by patterning after ?rst 
forming single-layer ?lm by metals With loW resistivity such 
as Al or Al alloys on the surface of the transparent insulating 
substrate 1 as shoWn in FIG. 5(a), and anodic oxidation after 
forming the photoresist 17 for protecting the portion serving 
as a region for taking out terminals on the gate line 3 as 
shoWn in FIG. 5 Because With this method, the anodi 
cally oxidiZed ?lm 18 is not formed in the region for 
providing terminals of the gate line 3, if terminals are 
connected With the gate line 3, the process for removing the 
anodic oxidation ?lm in the region is not required. 

In Japanese Unexamined Patent Publication Nos. 110749/ 
1989, 217378/1992, and 323304/1993, ?rst of all, a single 
layer ?lm is formed With metals With loW resistivity such as 
Al or Al alloys, on the surface of the substrate 1a as shoWn 
in FIG. 6(a), then, the ?lm is patterned to form the ?rst 
conductive ?lm 2a, and then, the ?rst insulating ?lm 4a is 
formed on the ?rst conductive ?lm 2a using insulation 
material or high-resistivity semiconductor material as shoWn 
in FIG. 6(b). In this event, as shoWn in FIG. 6(c), in the ?rst 
insulating ?lm 4a, ?lm lacking portion 5a is generated. 
Then, there is proposed a method for forming an insulating 
?lm or oxide ?lm 19 at a lacking portion 5a of a ?lm by 

electrophoresis or anodic oxidation as shoWn in FIG. With this method, it is possible to form the insulating ?lm or 

the oxide ?lm 19 selectively only on the lacking portion 5a 
of the ?lm generated in the ?rst insulating ?lm 4a. 
As described above, several methods have been hitherto 

proposed as a method for preventing penetration of the 
etchant used for patterning of ITO ?lm composing the pixel 
electrode 10 in the conventional TFT type liquid crystal 
display in Which loW resistivity bus lines are provided and 
for preventing corrosion of the gate electrode 2 and gate line 
3 formed by the material With loW resistivity such as Al, etc. 
through the lacking portion, etc. in the gate insulating ?lm 
4, but any of them are not effective. 

For example, in the method for forming the anodic 
oxidation ?lm 18 on the surfaces by anodic oxidation after 
forming the gate electrode 2 and gate line 3, photoresist 17 
must be formed to prevent the oxide ?lm 18 from being 
formed on the area (area for taking out terminals) in contact 
With the upper layer via the insulating ?lm, raising problems 
of reducing the productivity, etc. 

Because in the method for forming the insulating ?lm or 
oxide ?lm 19 selectively only on the ?lm lacking portion 5a 
in the ?rst insulating ?lm 4a after forming the ?rst insulating 
?lm 4a on the ?rst conductive ?lm 2a, the insulating ?lm or 
oxide ?lm 19 are formed by electrophoresis, anodic oxida 
tion process, or other methods Without carrying out pretreat 
ment after the ?rst insulating ?lm 4a is formed, the potential 
defective portion of the ?lm such as dust taken into the ?rst 
insulating ?lm 4a is actualiZed, raising a problem of gen 
erating another ?lm lacking portion. 

This invention has been made to solve the problems as 
mentioned above, and it is object of the present invention to 
provide the provision of a process for manufacturing high 
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reliability thin-?lm transistors Without lowering productivity 
and With enhanced yield by preventing corrosion of gate 
electrode and gate line resulting from the etchant attacking 
the ITO ?lm composing the pixel electrode Without forming 
any protective ?lm by the photolithography process neWly 
and disposing of the potential lacking portion of the ?lm by 
actualiZing the portion in advance. 

It is another object of this invention to provide a liquid 
crystal display of a high aperture ratio by forming patterns 
With ?ne lines by composing the gate electrode and gate line 
by the use of material With loW resistivity. 

SUMMARY OF THE INVENTION 

Method for manufacturing TFTs according to this inven 
tion comprising steps of forming a control electrode and 
control electrode line on a substrate, forming insulating ?lm 
on the control electrode and the control electrode line, a 
process for cleaning the substrate With the insulating ?lm 
formed by a chemical or physical means, forming oxide ?lm 
on the surface of the control electrode and control electrode 
line exposed by a ?lm lacking portion generated in the 
insulating ?lm after cleaning, forming a semiconductor layer 
via the insulating ?lm on the control electrode, and forming 
a pair of electrodes constituting a semiconductor element 
together With the semiconductor layer. 

The surface layer of the control electrode and control 
electrode line is formed With the conductor With loW resis 
tivity. 

The oxide ?lm is formed by anodic oxidation. 
In addition, in the anodic oxidation process, anodic oxi 

dation is carried out With the anodic oxidation voltage or 
anodic oxidation current controlled. 

Alternatively, in anodic oxidation process, the substrate 
coated With the ?lm of the same metal as the material 
composing the control electrode and control electrode line or 
the plate of the same metal is connected in such a manner to 
achieve the same potential as that of the transparent insu 
lating substrate With the control electrode, control electrode 
line, and insulating ?lm formed, and simultaneously anodic 
oxidation the both is carried out. 

Alternatively, in the anodic oxidation process, anodic 
oxidation is carried out While cooling the substrate With the 
control electrode, control electrode line, and insulating ?lm 
formed. 

Alternatively, the oxide ?lm is formed by plasma oxida 
tion treatment or demineraliZed Water boiling treatment. 

It includes a process for forming oxide ?lm several nm 
thick on the control electrode and control electrode line after 
forming the control electrode and control electrode line. 

The insulating ?lm is formed at temperatures of 150° C. 
or loWer. 

In addition, the insulating ?lm is silicon nitride ?lm or 
silicon oxide ?lm. 

The liquid crystal display device according to this inven 
tion comprises a transparent insulating substrate, a TFT 
formed on the transparent insulating substrate by any one of 
the above-mentioned methods, a pixel electrode comprising 
a transparent conductive ?lm connected to either one of a 
pair of the electrodes composing the thin-?lm transistor, and 
an opposed substrate With opposed electrodes, etc. for 
holding the liquid crystal material therebetWeen together 
With the transparent insulating substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) to 1(i) are each cross sectional vieW shoWing 
a producing steps of TFT in accordance With Embodiment 1 
of the invention; 
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4 
FIG. 2 is a How chart shoWing the steps until constant 

current control is attained in the anodic oxidation process in 
accordance With the invention; 

FIG. 3 is a schematic explanatory vieW shoWing an anodic 
oxidation process in accordance With Embodiment 2 of the 
invention; 

FIGS. 4(a) to 4(g) are each cross sectional vieW shoWing 
the producing steps of conventional TFT; 

FIG. 5(a) and 5(b) are each cross sectional vieW shoWing 
the producing steps of another conventional TFT; and 

FIGS. 6(a) and 6(LD are each cross sectional vieW shoWing 
the producing steps of still another conventional TFT. 

DETAILED DESCRIPTION 

Embodiment 1 

Referring noW to draWings, there is shoWn a process for 
manufacturing TFT, one embodiment of this invention, and 
a liquid crystal display device manufactured by using the 
process. FIG. 1 is a cross-sectional draWing shoWing a 
process for manufacturing TFT array substrates on Which 
TFTs are provided according to Embodiment 1 of this 
invention. In this draWing, numeral 1 is a substrate 
(transparent insulating substrate in this embodiment), 2 a 
gate electrode formed on the substrate 1, 3 a gate line 
functioning as a control electrode formed on the substrate 1, 
4 a gate insulating ?lm formed on the gate electrode 2 and 
gate line 3, 5a a ?lm lacking portion in the gate insulating 
?lm 4 actualiZed after forming the gate insulating ?lm 4, 5b 
a ?lm lacking portion actualiZed by chemical or physical 
cleaning after forming the gate insulating ?lm 4, 6 foreign 
matter such as dust, etc. included in the gate insulating ?lm 
4, 7 an oxide ?lm formed on the ?lm lacking portions 5a, 5b, 
8 a semiconductor layer formed on the gate electrode 2 via 
the gate insulating ?lm 4, 9 an ohmic contact layer formed 
on the semiconductor layer 8, 10 a pixel electrode, 11 a hole 
portion for taking out the terminal formed on the gate 
insulating ?lm 4 on the gate line 3, 12 a source/drain 
electrode formed on the ohmic contact layer 9, 13 a channel, 
and 14 a passivation ?lm. 

Next, description Will be made on the manufacturing 
method of TFT array substrates on Which TFTs are providing 
according to this embodiment. First of all, as shoWn in FIG. 
1 (a), metal ?lm With loW resistivity such as Al ?lm 
containing 0.2 Wt % of Cu (hereinafter stated as Al-0.2 Wt % 
Cu) is formed about 250 nm thick on the surface of the 
transparent insulating substrate 1 by sputtering, etc., and 
then, patterning is carried out using a photoresist formed by 
the photolithography method to form the gate electrode 2 
and gate line 3. In this event, for patterning the Al ?lm, an 
etchant primarily composed of phosphoric acid, acetic acid, 
and nitric acid is used, but the coatability relating to the ?lm 
formed on the top surface can be improved by forming the 
etched end surface of the Al ?lm in the tapered pro?le by 
investigating the composition of phosphoric acid, acetic 
acid, and nitric acid in advance. 

Next, as shoWn in FIG. 1(b), silicon nitride ?lm or silicon 
oxide ?lm Which Will serve as the gate insulating ?lm 4 is 
formed about 450 nm thick by plasma enhanced CVD 
process, etc. In the gate insulating ?lm 4 by the silicon 
nitride ?lm or silicon oxide ?lm formed in this Way, the ?lm 
lacking portion 5a attributable to adhesion of dust, etc. exists 
as shoWn in FIG. 1(c), and the ?lm lacking portion 5a of this 
gate insulating ?lm 4 alloWs the etchant used for patterning 
of the ITO ?lm composing the pixel electrode 10 to 
penetrate, causing corrosion of the gate electrode 2 and the 
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gate line 3 primarily composed of Al. In the gate insulating 
?lm 4, ?ne particle 6 such as dust, etc. exists potentially, and 
the ?ne particle 6 is peeled in the subsequent processes 
including brush cleaning, and a neW ?lm lacking portion 5b 
is actualiZed. This neWly generated lacking portion 5b in the 
?lm serves to cause corrosion of the gate electrode 2 and the 
gate line 3 primarily composed of Al in the similar manner 
as in the case of the ?lm lacking portion 5a. 

Therefore, in the next step, the surface of the gate insu 
lating ?lm 4 is brush-cleaned to remove ?ne particle 6 
existing potentially in the gate insulating ?lm 4, and the ?lm 
lacking portion 5b is actualiZed as shoWn in FIG. Then, 
as shoWn in FIG. 1(e), an oxide ?lm 7 is formed by 
selectively subjecting anodic oxidation to the surfaces of the 
gate electrode 2 and the gate line 3 exposed by generation of 
the ?lm lacking portions 5a and 5b. 

Next, as shoWn in FIG. 1(1‘), after successively forming 
amorphous silicon ?lm about 120 nm thick by plasma 
enhanced CVD method, etc. and n+type amorphous silicon 
?lm about 30 nm thick Which is doped With impurities, using 
the photoresist formed by the photolithography process, the 
amorphous silicon ?lm and n+type amorphous silicon ?lm 
are simultaneously patterned, and the semiconductor layer 8 
and the ohmic contact layer 9 are formed on the position 
above the gate electrode 2. Then, the surface of the trans 
parent insulating substrate 1 is brush-cleaned to remove 
adhering dust, etc.; then, the ITO ?lm is formed about 100 
nm thick by the sputtering method, etc. as a transparent 
conductive ?lm; then, using the photoresist formed by the 
photolithography process, patterning is carried out to form 
the pixel electrode 10. Next, as shoWn in FIG. 1 (g), the gate 
insulating ?lm 4 on the gate line 3 is removed by etching, 
and a hole (or a hole portion) 11 for providing terminals is 
formed. 

Next, as shoWn in FIG. 1(h), in order to form the 
source/drain electrode 12 and the source signal line (not 
illustrated), ?rst of all, by the sputtering method, etc., in the 
loWermost layer, Cr ?lm With good ohmic contact for 
n+amorphous silicon ?lm composing the ohmic contact 
layer 9, and for the ITO ?lm composing the pixel electrode 
20 is formed by about 100 nm thick, for the intermediate 
layer, the Al-0.2 Wt % Cu ?lm of about 300 nm thick With 
loW resistivity is formed and for the uppermost layer, and 
continuously Cr ?lm of about 50 nm thick for suppressing 
the cell reaction With the ITO ?lm composing the pixel 
electrode 10, the cell reaction occurring in the alkali devel 
oper for forming a photoresist used for patterning is formed 
to be a three-layers ?lm. Then, using the etching photoresist 
formed by the photolithography process, the three-layers 
?lm is successively patterned, and the source/drain electrode 
12 and source signal conductor are formed on the ohmic 
contact layer 9. Successively, after the channel 13 is formed 
by etching n+type amorphous silicon ?lm (ohmic contact 
layer 9) of the portion not covered With the source/drain 
electrode 12 by dry etching method, the photoresist is 
removed. Lastly, as shoWn in FIG. 1 (i), silicon nitride ?lm 
is formed about 500 nm thick by plasma enhanced CVD 
method, etc. to form a passivation ?lm 14. 

In the TFT array substrate formed in this Way, the elec 
trical contact characteristics With the upper surface through 
the hole 11 for providing the terminal above the gate line 3 
is satisfactory, and no corrosion Was observed in the gate 
electrode 2 and the gate line 3. 

In this embodiment, in order to remove the ?ne particle 6 
potentially existing in the gate insulating ?lm 4 and to 
actualiZe the ?lm lacking portion 5b, brush cleaning Was 
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6 
carried out after forming the gate insulating ?lm 4, but in 
place of brush cleaning, physical cleaning such as ion beam 
irradiation, ultrasonic cleaning in a solution, high-speed 
liquid injection, etc., or chemical cleaning such as immer 
sion in hydro?uoric acid based etchant, organic based liquid 
immersion, UV irradiation, etc. may be used. Further, by 
combining some of the above mentioned cleaning methods, 
the foreign matter 6 existing potentially in the gate insulat 
ing ?lm 4 can be removed more ef?ciently. 

In this embodiment, oxide ?lm 7 Was formed on the 
surface of the gate electrode 2 and the gate line 3 exposed 
by generation of the ?lm lacking portions 5a and 5b, but the 
oxide ?lm 7 may be formed by plasma oxidation or dem 
ineraliZed Water boiling treatment in place of anodic oxida 
tion. If the oxide ?lm 7 is formed by plasma oxidation or 
demineraliZed Water boiling treatment, lines for electrically 
short-circuit-connecting each gate line 3 required for anodic 
oxidation is no longer needed, and the process for separating 
this lines in the subsequent process is no longer required, 
resulting in improved productivity. 

It is possible to reduce the number of hillocks generated 
on the gate electrode 2 and gate line 3 and to improve the 
coatability of the gate insulating ?lm 4 When silicon nitride 
?lm or silicon oxide ?lm are formed, by carrying out plasma 
oxidation or demineraliZed Water boiling treatment at 400 to 
500° C. for 30 minutes to form an oxide ?lm by several 
nanometer thick on the gate electrode 2 and gate line 3 
before forming silicon nitride ?lm or silicon oxide ?lm 
composing the gate insulating ?lm 4 after forming the gate 
electrode 2 and the gate line 3, achieving further greater 
effects to prevent corrosion of the gate electrode 2 and the 
gate line 3 by the etchant attacking the ITO ?lm composing 
the pixel electrode 10. 

In the anodic oxidation process for forming the oxide ?lm 
7 on the surface of the gate electrode 2 and the gate line 3 
exposed by generation of the ?lm lacking portions 5a and 
5b, if the anodic oxidation voltage suddenly rises, a large 
current ?oWs in the exposed portion of the gate electrode 2 
and the gate line 3, and the gate electrode 2 and the gate line 
3 are disconnected at the exposed portions due to excessive 
Joule heat generated thereon. In order to suppress generation 
of excessive Joule heat and prevent disconnection of the gate 
electrode 2 and the gate line 3, it is necessary to control the 
anodic oxidation voltage or anodic oxidation current. 

FIG. 2 is a How chart shoWing a process for preventing 
sudden increase of anodic oxidation voltage. In the draWing, 
symbol iO denotes the initial current value, Y the maximum 
voltage increase ratio, i1 an increment current value, and the 
anodic oxidation current is increased by the increment 
current value i1 from the initial current value i0, and constant 
current control is carried out When the voltage increase ratio 
at the time reaches the maximum voltage increase ratio Y. 
For example, When a quadrilateral substrate 300 mm Wide 
by 400 mm long is anodiZed, it is possible to form the oxide 
?lm 7 on the surface of the gate electrode 2 and the gate line 
3 exposed by the ?lm lacking portions 5a and 5b by anodic 
oxidation Without disconnecting the gate electrode 2 and the 
gate line 3 due to excessive Joule heat by setting the initial 
current value iO to about 5 pA, maximum voltage increase 
ratio Y to about 200 V/sec, and increment current value i1 to 
about 5 pA. 

It is also alloWed to gradually increase the anodic oxida 
tion voltage in place of anodic oxidation current until the 
desired anodic oxidation voltage value is reached. For 
example, When a quadrilateral substrate 300 mm Wide by 
400 mm long is anodiZed, disconnection of the gate elec 
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trode 2 and the gate line 3 can be prevented by suppressing 
the generation of excessive Joule heat by setting the current 
value to about 0.05 A, the initial voltage value to about 1 
mV, and the increment voltage value to about 1 mV. 

According to this invention, it is possible to prevent 
corrosion of the gate electrode 2 and the gate line 3 due to 
the etchant attacking the ITO ?lm composing the pixel 
electrode 10 and to manufacture high-reliability thin-?lm 
transistors at a high yield Without loWering the productivity 
by forming selectively the oxide ?lm 7 by anodic oxidation, 
etc. only on the surfaces of the gate electrode 2 and the gate 
line 3 exposed by the ?lm lacking portions 5a and 5b after 
actualiZing the ?lm lacking portion 5b existing potentially in 
the gate insulating ?lm 4 by brush cleaning. Because in the 
anodic oxidation process, sudden rise of anodic oxidation 
voltage can be prevented by controlling the anodic oxidation 
voltage or anodic oxidation current, it is possible to suppress 
the generation of excessive Joule heat and prevent discon 
nection of the gate electrode 2 and the gate line 3. 

Embodiment 2 

In Embodiment 1, sudden rise of anodic oxidation voltage 
Was prevented by controlling the anodic oxidation voltage or 
anodic oxidation current in the anodic oxidation process, but 
as shoWn in FIG. 3, it is also possible to easily set the anodic 
oxidation current value by connecting the substrate coated 
With the ?lm of the same metal as the material composing 
the gate electrode or a plate 15 of the same metal in such a 
manner to achieve the same potential as that of the gate 
electrode, gate line, and transparent insulating substrate 1 
With the gate insulating ?lm formed in the anodic oxidation 
process, and it is thereby possible to prevent a sudden rise 
of the anodic oxidation voltage and to prevent disconnection 
of the gate electrode and the gate line due to the generation 
of excessive Joule heat. 

In FIG. 3, numeral 15 is a substrate coated With the ?lm 
of the same metal as the material composing the gate 
electrode or a metal plate formed With the same metal 

(hereinafter called a “metal substrate”) and 16 an anodic 
oxidation solution, and on the transparent insulating sub 
strate 1, a gate electrode, gate line, and gate insulating ?lm 
are formed. Because the anodic oxidation current value 
depends on the area of the metal portion of the metal 
substrate 15 Which is connected in such a manner as to 
achieve the same electrical potential as that of the transpar 
ent insulating substrate 1 and is anodiZed simultaneously, it 
is possible to easily set the anodic oxidation current value by 
varying this area. For example, the metal portion of the 
metal substrate 15 has a siZe about 1/3 of the area of the 
transparent insulating substrate 1 and is a metal ?lm formed 
in the thickness exceeding the ?lm thickness of the gate 
electrode or gate line or is a metal foil or metal plate With 
thickness exceeding the ?lm thickness of the gate electrode 
or gate line. The anodic oxidation current is about 0.2 A if 
the siZe of the metal substrate 15 is assumed to be a 
quadrilateral 100 mm Wide by 400 mm long, and it becomes 
possible to prevent ?oWing a current large enough to dis 
connect the gate electrode and gate line resulting from the 
Joule heat generated. 

According to this embodiment, because the anodic oxi 
dation current value can be set by the area of the metal 
portion of the metal substrate 15 by connecting the metal 
plate 15 coated With the ?lm of the same metal as the 
material composing the gate electrode or a metal plate 15 
made of the same metal in such a manner to achieve the 
same potential as that of the transparent insulating substrate 
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1 With the gate electrode, gate line, and gate insulating ?lm 
formed in the anodic oxidation process and simultaneously 
anodic oxidation the both, it is possible to prevent a sudden 
rise of the anodic oxidation voltage and to prevent discon 
nection of the gate electrode and the gate line resulting from 
the generation of excessive Joule heat. 

Embodiment 3 

In Embodiment 1, a sudden rise of the anodic oxidation 
voltage Was prevented by controlling the anodic oxidation 
voltage or anodic oxidation current in the anodic oxidation 
process and disconnection of the gate electrode 2 and the 
gate line 3 resulting from generation of excessive Joule heat 
Was prevented, but it is also possible to suppress the tem 
perature rise of the transparent insulating substrate 1 under 
anodic oxidation treatment and to prevent disconnection of 
the gate electrode 2 and the gate line 3 resulting from the 
excessive Joule heat by anodic oxidation the transparent 
insulating substrate 1 While cooling the transparent insulat 
ing substrate. 

For cooling methods, for example, temperature of the 
anodic oxidation solution is held to be Within around 2° C. 
Alternatively if the anodic oxidation vessel is a rectangular 
parallelepiped With three sides 125 mm, 420 mm, and 500 
mm long, respectively, the anodic oxidation solution at 
around 2° C. is circulated at the rate of 50 L/min or more. 
Alternatively a method for mounting a cold insulator in the 
same siZe as that of the transparent insulating substrate 1 
under anodic oxidation treatment to its rear side is available. 

According to this embodiment, because the temperature 
rise of the transparent insulating substrate 1 under anodic 
oxidation treatment can be suppressed by cooling the trans 
parent insulating substrate 1 under the anodic oxidation 
treatment, it is possible to prevent disconnection of the gate 
electrode 2 and the gate line 3 resulting from the excessive 
Joule heat. 

Embodiment 4 

A liquid crystal panel is formed by alloWing a TFT array 
substrate on Which TFTs are formed in the same manner as 

in the cases of Embodiments 1, 2, and 3 to stand against a 
facing substrate With a black matrix, overcoat layer, and 
counter electrode formed on the other transparent insulating 
substrate after forming the alignment ?lm on the surface, 
injecting liquid crystal into the clearance betWeen these 
substrates, sealing them With a sealant, and at the same time, 
arranging a polariZer on the outside of the facing TFT array 
substrate and the facing substrate. 

According to the embodiment, it is possible to obtain a 
liquid crystal display With a high aperture ratio by re?ning 
the siZe of the gate electrode 2 and gate line 3 and With 
improved irregularities in displaying caused by cross talk, 
by composing the gate electrode 2 and the gate line 3 With 
the material of loW resistivity and at the same time forming 
the oxide ?lm 7 selectively on the ?lm lacking portions 5a, 
5b generated in the gate insulating ?lm 4. 

According to the invention, it is possible to prevent 
corrosion of the gate electrode and the gate line resulting 
from the etchant attacking the ITO ?lm composing the pixel 
electrode by forming the oxide ?lm selectively only on the 
surface of the gate electrode and the gate line exposed by the 
?lm lacking portion of the gate insulating ?lm after actual 
iZing the ?lm lacking portions existing potentially in the gate 
insulating ?lm by chemical or physical cleaning and to 
thereby manufacture high-reliability thin-?lm transistors at 
high yield Without reducing the productivity. 
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It is possible to obtain a liquid crystal display With a high 
aperture ratio achieved by re?ning the siZe of the gate 
electrode and the gate line and With improved irregularities 
in displaying caused by cross talk, by composing the gate 
electrode and the gate line With material With loW resistivity 
and at the same time improving the coatability of the gate 
insulating ?lms. 
Though several embodiments of the present invention are 

described above, it is to be understood that the present 
invention is not limited only to the above-mentioned, vari 
ous changes and modi?cations may be made in the invention 
Without departing from the spirit and scope thereof. 
What is claimed is: 
1. Method for manufacturing TFTs comprising steps of 
forming a control electrode and control electrode line on 

a substrate, 
forming insulating ?lm on the control electrode and the 

control electrode line, 
cleaning the substrate With the insulating ?lm formed by 

a chemical or physical means, 

forming oxide ?lm on the surface of the control electrode 
and control electrode line exposed by a ?lm lacking 
portion generated in the insulating ?lm after cleaning, 

forming a semiconductor layer via the insulating ?lm on 
the control electrode, and 

forming a pair of electrodes constituting a semiconductor 
element together With the semiconductor layer. 

2. The method of claim 1, Wherein the surface layer of the 
control electrode and control electrode line is formed With 
the conductor With loW resistivity. 
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3. The method of claim 1, Wherein the oxide ?lm is 

formed by anodic oxidation process. 
4. The method of claim 3, Wherein the anodic oxidation 

process is performed by controlling either of an anodic 
oxidation voltage and an anodic oxidation current. 

5. The method of claim 3, Wherein in anodic oxidation 
process, the substrate coated With the ?lm of the same metal 
as the material composing the control electrode and control 
electrode line or the plate of the same metal is connected in 
such a manner to achieve the same potential as that of the 

transparent insulating substrate With the control electrode, 
control electrode line, and insulating ?lm formed, and 
simultaneously anodic oxidation the both is carried out. 

6. The method of claim 3, Wherein the anodic oxidation 
process, anodic oxidation is carried out While cooling the 
substrate With the control electrode, control electrode line, 
and insulating ?lm formed. 

7. The method of claim 1, Wherein the oxide ?lm is 
formed by plasma oxidation treatment or demineraliZed 
Water boiling treatment. 

8. The method of claim 1, further including a step of 
forming oxide ?lm several nm thick on the control electrode 
and control electrode line after forming the control electrode 
and control electrode line. 

9. The method of claim 1, Wherein the insulation ?lm is 
formed at temperatures of 150° C. or loWer. 

10. The method of claim 1, Wherein the insulating ?lm is 
silicon nitride ?lm or silicon oxide ?lm. 


